We report on the development of large area hybrid photo diodes (HPD) which are one of the proposed photodetec.tors for the RICH counters of the LHCb experiment. The HPD's consist of a cylindrical vacuum envelope of 127 mm diameter capped with a spherical borosilicate UV-glass entrance window. Focusing electrodes demagnify the image on a silicon detector of 50 mm diameter comprising 2048 pads with a surface of I mm2 each. The analogue readout electrouics is integrated in the vaccum tube. As an intermediate step a HPD with a UV sensitive CsI photocathode has been produced which allowed to verify the electron optics of the HPD. A large UHV evaporation plant for the production of HPD's with visible light transmittive bialkali photocathodes (KzCsSb) has been built and successfully operated. The evaporation process is optimized for maximum quantum efficiency and life time of the photocathodes. A cold Indium sealing technique developed for a minimum thermal load of the photocathode and the silicon sensor bas proven to provide excellent vacuum tightness.
I. INTRODUCTION
The single arm spectrometer LHCb is designed for CP asymmetry and rare decay studies in the system of B-mesons. LHCb will profit from the high bb cross section and luminosity at the LHC collider. The outline of the recently approved LHCb spectrometer [I] is shown in Fig. 1 . It includes two Ring Imaging CHerenkov (RICH) detectors for 7i/K separation in the momentum range 1-150 GeV/c. The Cherenkov light emitted from the various radiators is focused by means of spherical mirrors onto detection planes outside the acceptance of the LHCb spectrometer. In total a surface of 2.9 m2 has to be equipped with photodetectors which have to provide a granularity of ahout 2.5 x 2.5 mm2. Hexagonal close packing of round photodetectors with an active surface coverage of 80% results in a total number of electronic channels of about 340,000.
A comprehensive R&D programme [2] has heen launched to develop large area HPD's adequate for the LHCb requirements. In addition to the high active area fraction, sensitivity in both the visible and the UV range, as well as fast LHC speed readout elcctronics are key requirements of the photodetectors. collaboration [31 together with an industrial partner. As a back-up photodetector solution the commercially available multi-anode photomultiplier tubes RS900M by Hamamatsu are under investigation [4, 5] .
THE 2048-PAD, 5-INCH HPD
The HPD's, as shown in Fig. 2 
A. The silicon sensor and the readout electronics
Silicon sensors of 27.5 mm radius and 180 pm thickness consisting of 16 sectors with in total 2048 pads have been produced. The inner 25 mm contain the pads (each = 1 x 1 mm2) and the outer 2.5 mm reaion receives the multiplexer). The single electron signaVnoise is measured to he 100 (where U is the Gaussian width of the pedestal), less than 180 measured for the previous 256 pad sensor [6] , due to the increased noise level from the 16 readout chips and incomplete signal collection due to differences in the manufacturing of these sensors.
The VA3 chip has been used in the first stages of the R&D effort because it has low noise, is tested and reliable. However, with 1-2 fis peaking time, it is too slow for operation at LHC. The SCT128A [7] is a 25 ns peaking time, low noise, radiation-hard, 128 channel chip with a 128 element analogue pipeline originally developed for the ATLAS silicon tracker hut seems well suited for use in the pad HPD. 
B. The electron optics
Simulations with finite element codes (SIMION [8],MAFIA) predict an one-to-one mapping of photoelectrons out to 90% of the total tube diameter. As shown in Fig. 3 an uniform field geometry at the edge of the photocathode requires a fourth electrode, the so-called bleeder electrode. The potential of the bleeder has to he only a few hundred volts below the cathode potential.
In order to verify the electrostatic simulations of the HPD a special non-sealed version with a CsI photocathode has been produced. This UV sensitive cathode can be fabricated by a comparably simple evaporation process and even tolerates short exposures to air, which facilitates the handling of the components.
without bleeder I bleeder electrode In these tests the tube was stably operated at voltages up to 30 kV. A pulsehight spectrum, observed on a single pad at a cathode potential of -30 kV is shown in Fig. 6 . The pedestal peak has been suppressed by applying a 40 cut, where D is the Gaussian width of the pedestal. The average number of photons per lamp pulse is 1.7. In this case the entrance window consists of fused quartz and has a wavelength cut-off at about 160 nm. The vacuum envelope and the fully equipped base plate were mounted in a vacuum tank. By means of a moveable pulsed UV light source.
with a narrow beam spot the mapping of the photocathode surface on the silicon sensor could be precisely determined. The result is shown in Fig. 4 . The slope of the curve gives the demagnification of the HPD, which can be adjusted over a wide range by varying the potentials on the focusing electrodes. The set of potentials shown in the figure results in a linear demagnification of 2.7 over the full geomemcally accepted diameter of 114 mm. In a further test a tube without bleeder electrode was used. As predicted by the simulations ambiguities at large radial distances from the tube axis have been found (Fig. 5 ).
afterwards sealed off with the base plate on which the silicon detector and the readout electronics are mounted.
An evaporation facility [9] , as illustrated in Figure 7 , consisting of a large cylindrical vacuum tank with a removable lid has been built. Four movable carriages, which are activated via linear motion vacuum feedthroughs, can he moved under the HPD glass envelope which is held by a rigid support structure in the centre of the vacuum tank. Two of the carriages support the evaporation sources (Sb, K, Cs), the third one is loaded with the HPD base plate. The fourth carriage is equipped with a glow discharge electrode which allows to clean the window surface prior to evaporation by means of electron and ion bombardment in a plasma discharge. The facility is equipped with a powerful pumping system and is baked out at temperatures around 250OC. Vacuum levels below ( 1 x Pa) are reached. The vacuum quality which j optical moni-I I toring system I 50 cm is essential for the stability of the photocathode is monitored by means of a residual gas analyser. A cylindrical heating element allows to precisely control the temperature of the vacuum envelope during the deposition process. An optical system monitors the transmission of the evaporated films. The quantum efficiency of the photocathode is measured online by means of a calibrated light source. Interference filters allow to measure the efficiency as a function of the wavelength. A PC based distributed slow control system monitors the essential process parameters and controls various process parameters including the subslrate temperature and the degassing of the evaporation sources. Automation of most of the process steps is foreseen at a later stage.
B. The bialkaliphotocathode process
Our standard photocathode fabrication process which is schematically shown in Figure 8 starts with the deposition of a Antimony film. The deposition is stopped when the transmission of the film for red light (A = 632nm) is reduced to 85%. During the Sb deposition the substrate, i.e. the window is kept at a constant temperature of 7OoC. The window is then heated to 16OOC where first Potassium and subsequently Cesium is evaporated. In both cases the evaporation is continued until a maximum of the measured quantum efficiency at X = 400 nm is observed. Subsequent alternate K and Cs evaporation may lead to a further increase of the efficie.ncy and compensates for the re-evaporation losses from the cathode during the slow temperature ramp down. Figure 9 shows the quantum efficiency of some hialkali photocathodes 
C. The cold Indium sealing technique
A cold Indium sealing technique has been developed which avoids any thermal load and contamination of both the photocathode and the Silicon sensor. Since the lifetime of a HPD has to be of the order of ten years and the pressure inside the envelope must not exceed about lo-' Pa, leak and outgassing rates have to be kept on extremely low levels. To improve the wetability of Indium on the stainless steel surfaces, both the knife-edge and the groove is galvanically deposited with Nickel and Indium films of ahout 2 pm and 10 pm thickness, respectively. A high purity Indium wire (99.999%) is pre-melted and degassed in the groove at temperatures around 400°C resulting in an uniform surface. After the photocathode processing the vacuum seal is made at temperatures well helow 100°C ("cold") by pushing the base plate against the steel to about 60 N per mm joint length. Since the Indium metal has been fully degassed before, no gas is released during the sealing process.
In a separate set-up a stainless-steel cell. consisting of two disks with the same knife-edge and groove geometry. has 
